Spatially pathogenic forms of tau detected in Alzheimer's disease brain tissue by fluorescence lifetime-based Förster resonance energy transfer.
In tauopathies including Alzheimer's disease (AD) tau molecules have lost their normal spatial distance to each other and appear in oligomeric or aggregated forms. Conventional immunostaining methods allow detection of abnormally phosphorylated or conformationally altered aggregated tau proteins, but fail to visualize oligomeric forms of tau. Here we show that tau molecules that lost their normal spatial localization can be detected on a subcellular level in postmortem central nervous system (CNS) tissue sections of AD patients by fluorescence lifetime-based Förster resonance energy transfer (FRET). Paraffin sections were co-immunostained with two tau-specific monoclonal antibodies recognizing the same epitope, but labeled with distinct fluorescence dyes suitable for spatial resolution at a nanometer scale by lifetime-based FRET. A FRET signal was detected in neuritic plaques and neurofibrillary tangles of CNS tissue sections of AD patients, showing associated tau proteins typically reflecting either fibrillary, oligomeric or aggregated tau. The 'pretangle-like' structures within the neuronal perikarya did not contain spatially pathogenic forms of tau accordingly to this method. Data demonstrate that fluorescence lifetime-based FRET can be applied to human brain tissue sections to detect pathogenic forms of tau molecules that lost their normal spatial distance.